To study the relation between left ventricular geometric alteration and extracardiac target organ damage in hypertensive patients. A retrospective study of 298 patients with essential hypertension was performed.
Introduction
Left ventricular hypertrophy (LVH) and left ventricular geometric alteration can be caused by sustained hypertension, which is an adaptive response to chronic pressure and volume overload, and also a sign of heart damage. The prognosis of hypertensive patients depends on the degree of heart and extracardiac target organ damage. The alteration of left ventricular geometry in hypertensive patients has attracted much interest over the years (1). Some investigators have reported that their hypertensive patients with different left ventricular geometric patterns had different prognoses (2). In the present study, we examined the relationship between left ventricular geometric alteration and extracardiac target organ damage using echocardiograghic data.
Subjects and Methods

Study Subjects
Two hundred and ninety-eight patients (147 males and 151 females) were selected from 531 consecutive hypertensive patients treated in our hospital between January 1994 and December 1998. All patients were free of cardiovascular diseases. Two hundred and thirty-three patients with secondary hypertension, diabetes mellitus, serious arrhythmia or incomplete clinical data were excluded from the analysis. Hypertension was defined as systolic blood pressure (SBP) >_ 160 mmHg, diastolic blood pressure (DBP) >_ 95 mmHg, or both. The mean age of the patients in our study was 55.6 ± 9.3 years. The mean duration of hypertension was 6.7 ± 3.8 years. To assess extracardiac target organ damage, serum creatinine levels, fundoscopic grade and presence or absence of cerebrovascular events (transient ischemic attack, cerebral infarction, cerebral hemorrhage) were obtained in each patient.
Statistical Analysis
Values are expressed as means ± SD. Comparisons among four groups were tested by one-way factor analysis of variance, followed by the Newman-Kenls posthoc tests. Comparison of proportions between groups was performed using an X2-text. Least squares univariate linear regression analysis was used to study the relations between variables. Multiple regression analysis was used to assess independent effects. Statistical significance was defined as p < 0.05 and determined using SPSS statistical software, version 7.5 (SPSS, Inc., US)
Results
The clinical and echocardiographic characteristics of hypertensive patients are listed in Table 1 . Of the 298 patients, 121(41 %) had normal geometry, 77 (26%) had concentric remodeling, 69 (23%) had concentric hypertrophy and 31 (10%) had eccentric hypertrophy. There were no significant differences in sex, BSA, heart rate (HR), total cholesterol (TC) levels, triglycerides (TG) levels or high density lipoprotein (HDL) levels among the four groups. Age and duration of hypertension in patients with normal geometry were less than those in the other three groups. SBP and DBP in patients with concentric hypertrophy were higher than those in the other three groups.
The proportion of patients with WHO stage III was significantly higher in the eccentric hypertrophy (51.6%) and concentric hypertrophy (50.7%) groups than in the concentric remodeling (33.8%) and normal geometry (13.2 %) groups (Table 2 ). The occurrence of cerebrovascular events is shown in Table 3 for each of the four types of left ventricular geometry. The percentage of patients experiencing cerebrovascular events was higher in the eccentric hypertrophy (25.8%), concentric hypertrophy (24.6%) and concentric remodeling (24.7%) groups than in the normal geometry (9.1%) group. Table 4 shows the fundoscopic grade of retina for patients with each of the four types of left ventricular geometry. The univariate correlation coefficients of fundoscopic grade are shown in Table 5 , and the results of the multivariate analysis are shown in Table 6 . The normal geometry group showed the highest percentage of patients with fundoscopic retina grade I, and there was no significant difference in the prevalence of this grade among the other three groups. The prevalence of fundoscopic retina grade _> II was higher in the eccentric hypertrophy (87.1%) and concentric hypertrophy (81.2%) groups than in the concentric remodeling (71.4%) and normal geometry (53.1%) groups. Age, LVMI, RWT, DBP and HDL were found to be significantly associated with fundoscopic grade. Serum urea nitrogen and creatinine levels in patients with different left ventricular geometry are shown in Table 7 . The univariate correlation coefficients of serum creatinine levels are shown in Table 8 , and the results from the multivariate analysis are shown in Table 9 . Serum urea nitrogen and creatinine levels were the highest in patients of the eccentric hypertrophy group, followed by those of the concentric hypertrophy group. These parameters were lowest in patients with normal geometry group. Each of LVMI, RWT, duration and sex was strongly and significantly correlated with increases in serum creatinine.
Discussion
There are many varieties of left ventricular geometry in hypertension, each reflecting particular stages and pathophysiological characteristics of heart damage. In this study, age, duration, SBP, DBP, retinal damage, serum creatinine levels, and incidence of cerebrovascular events of WHO stage III hypertension was significantly higher in the eccentric and concentric hypertrophy groups than in the concentric remodeling and normal geometry groups, and higher in the concentric remodeling group than in the normal geometry group. Further study showed that renal damage, retinal damage and the incidence of cerebrovascular events were higher in patients with LVH (eccentric hypertrophy group and concentric hypertrophy group) than in those with normal geometry. In comparison with the normal geometry group, renal damage, retinal damage and incidence of cerebrovascular events were also significantly increased in other groups. Recent studies have provided increasing evidence that left ventricular mass is a stronger predictor of morbidity or death than are other standard risk factors (8, 9). The present multivariate step regression analysis showed that LVMI and RWT were significantly correlated to retinal changes and increases in serum creatinine, respectively. The results indicated that there was a clear relationship between left ventricular geometric alteration and extracardiac target organ damage. Both the degree of target organ damage and the target organs involved differed according to the phase of hypertension. Target organs may be damaged alone or in combination. Moreover, because the causes and degrees of hypertension differed, the times when the target organ damage occurred were also different. The precise mechanism responsible for the difference in extracardiac damage among patients with different left ventricular geometric patterns remains unknown. Previous studies have shown that hypertensive patients with concentric hypertrophy have a higher peripheral resistance and an increased 24-h average blood pressure, and are more likely to have coronary or extracoronary arterial diseases (10, 11), which increase the sensitivity of target organ damage. Those with eccentric hypertrophy may consume excessive dietary salt and have expanded plasma volume. In previous studies, patients with eccentric hypertrophy have shown increases in both chamber diameter and end-systolic wall stress, and their left ventricular chambers have tended to be more spheric. These patients are more easily subject to ventricular arrhythmias, heart failure, and sudden cardiac death (12) (13) (14) . Compared with patients with concentric remodeling and normal geometry, their 24-h average blood pressure, absence of normal blood pressure day-and-night rhythm and blood pressure load are significantly increased (11). Furthermore, some researches have indicated that heart rate variability in hypertensive patients with LVH was more decreased and the imbalance regulation of autonomic system was higher than those without LVH. All these effects may contribute to the impairment of the target organs (15). In the process of hypertension, not only the pressure and volume load, but also the changes in neurohumoral factors, such as the regulation of imbalances in the renin-angiotensin-aldosterone system, play an important role in heart and other target organ damages (16). Among the four groups examined here, those with concentric remodeling, which was revealed to be a subtle and early change in cardiac geometry, will require perhaps the most attention. Compared with patients having normal geometry, the concentric-remodeling patients showed increased intima-media thickness of the posterior wall of the common carotid arteries, higher prevalence of carotid plaques (17), and increased incidence of cerebrovascular events. 
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